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$EVWUDFW
&ROORLGDO VROXWLRQV RI3G QDQRSDUWLFOHVZHUH SURGXFHG E\ ODVHU DEODWLRQ RI VROLGV LQ OLTXLGV /$6/ WHFKQLTXH7ZRGLIIHUHQW
ODVHUV RSHUDWLQJ DW  DQG  QPRIZDYHOHQJWK WR DEODWH D3G IRLO VXEPHUJHG LQZDWHUZHUH XVHG7KH SURSHUWLHV RI WKH
REWDLQHG QDQRSDUWLFOHV ZHUH VWXGLHG DQG WKH LQIOXHQFH RI WKH ZDYHOHQJWK RQ WKH QDQRSDUWLFOH VL]H ZDV GLVFXVVHG 7KH
QDQRSDUWLFOHVIRUPDWLRQPHFKDQLVPLVGLVFXVVHGDQGFRPSDUHGZLWKWKHUHVXOWVREWDLQHGLQSUHYLRXVZRUNXVLQJFRQWLQXRXVZDYH
&: DQG ORQJ SXOVHV ODVHUV 7KH REWDLQHG QDQRSDUWLFOHV ZHUH FKDUDFWHUL]HG E\ PHDQV RI WUDQVPLVVLRQ HOHFWURQ PLFURVFRS\
7(0 KLJK UHVROXWLRQ WUDQVPLVVLRQ HOHFWURQ PLFURVFRS\ +57(0 DQG 899,6 DEVRUSWLRQ VSHFWURVFRS\ 7KH REWDLQHG
QDQRSDUWLFOHV FRQVLVWHG RI FU\VWDOOLQH 3G QDQRSDUWLFOHV ZLWK URXQGHG VKDSH DQG VWURQJ WHQGHQF\ WR DJJORPHUDWLRQ 7KH VL]H






1DQRPDWHULDOV KDYLQJ RQHRUPRUH GLPHQVLRQV LQ WKH UDQJH RI QP DUH FRQVLGHUHG D EULGJH EHWZHHQ WKH
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HWF KDYH DWWUDFWHG DWWHQWLRQ RI UHVHDUFKHUV GXH WR WKHLU XQLTXH SK\VLFDO FKHPLFDO DQG HOHFWURQLFDO SURSHUWLHV
REWDLQDEOHDWQDQRVFDOHGLIIHUHQWIURPWKDWRIEXONPDWHULDOVHH.UXW\DNRYHWDO0HQpQGH]0DQMyQHWDO
RU%RXWLQJXL]DHWDO
3G LV D WUDQVLWLRQPHWDOZLWK WKH ORZHVWPHOWLQJSRLQW DQG WKH ORZHVWGHQVLW\RI WKHSODWLQXPJURXSRIPHWDOV
VKRZLQJ LQWHUHVWLQJ FKDUDFWHULVWLFV VXFK DV VWDEOH HOHFWULFDO SURSHUWLHV KLJK UHVLVWDQFH WR ZHDU DQG H[FHSWLRQDO
FDWDO\WLFSURSHUWLHV7KHVHSURSHUWLHVPDNHSDOODGLXPDYHU\DSSHDOLQJPDWHULDOEHLQJXVHGPDLQO\DVFDWDO\VWLQORWV
RI SURFHVVHV VHH WKH UHYLHZ E\ $VWUXF HW DO  ,Q SDUWLFXODU WKH QRYHO SURSHUWLHV RI 3G QDQRSDUWLFOHV
HQFRXUDJHG LQYHVWLJDWLRQV LQ PDQ\ GLIIHUHQW ILHOGV DPRQJ WKHP QDQRFDWDO\VLV IXHO FHOOV E\ WKH XVH RI 3G DV
K\GURJHQ VWRUDJH VHQVRUV HWF +DPDVDNL HW DO  XVHG 3G QDQRSDUWLFOHV ZLWK D &R2 VXSSRUW IRU WKH
IRUPXODWLRQRIDU\OLRGLGHV1DLUHWDOGHPRQVWUDWHGWKHFDSDELOLWLHVRI3GQDQRSDUWLFOHVWRHQKDQFHK\GURJHQ






WHFKQLTXH IRU SURGXFLQJ QDQRSDUWLFOHV DQG HQDEOHV DOWHULQJ WKH FU\VWDOOLQH VWUXFWXUH DQG WKH FRPSRVLWLRQ RI WKH
UHVXOWHG SDUWLFOHV E\ DGMXVWLQJ SDUDPHWHUV VXFK DV WHPSHUDWXUH SUHVVXUH RU SUHFXUVRU FRQFHQWUDWLRQ&KDQJ HW DO
REWDLQHG=Q2PRGLILHGZLWKYDULRXVFRQWHQWVRI3GWKURXJKK\GURWKHUPDOPHWKRG+RZHYHUPDQ\RIWKHVH
WHFKQLTXHV XVH SUHFXUVRUV DQG VROYHQWV RU LPSO\ FKHPLFDO UHDFWLRQV ZKLFK FDQ FRQWDPLQDWH WKH REWDLQHG
QDQRSDUWLFOHVEHVLGHVWKHODFNRIVWDELOLW\RIWKHREWDLQHGSURGXFWDVZHOODVORZXQLIRUPLW\DQGGLVSHUVLYLW\RIWKH
QDQRSDUWLFOHV
3K\VLFDO WHFKQLTXHV LQYROYH WKH XVHRISUHFXUVRUPHWDOV WR REWDLQ QDQRPDWHULDOVZLWKRXW WKH IRUPDWLRQRIQHZ
VXEVWDQFHVEXWE\WKHPROHFXODUUHDUUDQJHPHQW'LIIHUHQWSK\VLFDOWHFKQLTXHVKDYHEHHQXVHGWRSURGXFH3GILOPV
DQG3GQDQRSDUWLFOHV-RVKLHWDO UHSRUWHG WKHXVHRI3GQDQRSDUWLFOHVREWDLQHGE\VSXWWHULQJIRUK\GURJHQ
GHWHFWLRQ ZKLOH 6ODYFKHYD HW DO  UHSRUWHG WKH SK\VLFDO DQG HOHFWURFKHPLFDO FKDUDFWHUL]DWLRQ RI 3G ILOPV
REWDLQHGE\VSXWWHULQJ$PRQJWKHZLGHVSHFWUXPUDQJHRISK\VLFDOPHWKRGV/$6/KDVHPHUJHGODVW\HDUVDVDQ
HIILFLHQW WHFKQLTXH LQ WKH JHQHUDWLRQ RI PHWDO QDQRSDUWLFOHV GXH WR FKLHI DGYDQWDJHV OLNH REWDLQLQJ VWDEOH DQG
GLVSHUVHGQDQRSDUWLFOHVDQGQDQRFROORLGVWRJHWKHUZLWKWKHDEVHQFHRIFRQWDPLQDQWV&ULVWRIRUHWWLHWDO
REWDLQHGDQGFKDUDFWHUL]HG3GQDQRSDUWLFOHVLQZDWHUDQGRWKHURUJDQLFVROYHQWXVLQJSXOVHGODVHUZKLOH1LVKLHWDO
 UHSRUWHG WKH SUHSDUDWLRQ RI PRQRGLVSHUVHG 3G QDQRSDUWLFOHV DW WKH ZDWHUDLU LQWHUIDFH XVLQJ SXOVHG ODVHU
0DU]XQDHWDO FRQWUROOHGWKHVL]HRI WKHQDQRSDUWLFOHVE\XVLQJDVDOLQHVROXWLRQ,QSUHYLRXVZRUNZHKDG
H[SORUHG V\QWKHVL]LQJ FU\VWDOOLQH QDQRSDUWLFOHV XVLQJ FRQWLQXRXV ZDYH &: ODVHU DV ZHOO DV PLOOLVHFRQG SXOVHG
ODVHU%RXWLQJXL]DHWDO,QWKHSUHVHQWZRUNZHUHSRUWWKHUHVXOWVRIDQH[SHULPHQWDOZRUNGHYRWHGWRREWDLQ







SXOVHHQHUJ\DQGSXOVHGXUDWLRQRIQVZKLOH WKH VHFRQG ODVHU VRXUFHFRQVLVWHGRIDSLFRVHFRQGGLRGHSXPSHG
1G<92 ODVHU GHOLYHULQJ SXOVHV DW  QP RI ZDYHOHQJWK  SV RI GXUDWLRQ DQG  P- RI SXOVH HQHUJ\
3URFHVVLQJSDUDPHWHUVXVHGZLWKERWKODVHUVDUHOLVWHGLQWDEOH,QDOOH[SHULPHQWVODVHUEHDPZDVIRFXVHGRQWKH
XSSHUVXUIDFHRIWKHWDUJHWWRJLYHDIOXHQFHRIWR-FPDQGZDVNHSWLQUHODWLYHPRYHPHQWZLWKUHVSHFWWRWKH
PHWDOOLF SODWH DW  PPV RI VFDQQLQJ VSHHG LQ WKH FDVH RI QDQRVHFRQG ODVHU DQG DW  DQG  PPV ZKHQ WKH
SLFRVHFRQG ODVHU ZDV XVHG 7KHVH FRQGLWLRQV HQDEOHG VLPLODU RYHUODSSLQJ IRU ERWK ODVHUV ZLWK VLPLODU LQWHUSXOVH
GLVWDQFHVPPLQWKHFDVHRIQDQRVHFRQGODVHUDQGDQGPPIRUWKHSLFRVHFRQGODVHU7KHSURFHVVLQJ
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WLPH IRU WKH WHVWV FRQVLGHUHG DV WKH WLPH WDNHQ WR JHW WKH VROXWLRQ FRORXUHG ZDV  PLQXWHV ZKHQ XVLQJ WKH
QDQRVHFRQGODVHUDQGPLQXWHVZKHQXVLQJWKHSLFRVHFRQGRQH
6DPSOHVRIFROORLGDOVROXWLRQVZHUHGHSRVLWHGRQ6LVXEVWUDWHVDQGRQFRDWHGFRSSHUPLFURJULGVDQGDOORZHGWR
GU\ IRU FKDUDFWHUL]DWLRQ 6FDQQLQJ HOHFWURQ PLFURVFRS\ 6(0 ZDV XVHG WR REVHUYH DQG DQDO\]H WKH VXUIDFH
PRUSKRORJ\DQG WKHPLFURVWUXFWXUHE\PHDQVRI D -(2/-60 ILHOG HPLVVLRQ VFDQQLQJ HOHFWURQPLFURVFRSH
7UDQVPLVVLRQ HOHFWURQ PLFURVFRS\ 7(0 VHOHFWHG DUHD HOHFWURQ GLIIUDFWLRQ 6$(' DQG KLJKUHVROXWLRQ




DW WKHZDYHOHQJWK UDQJH RI  QP LQ D PP TXDUW] FHOO (OHFWURQ HQHUJ\ ORVV VSHFWURVFRS\ ((/6ZDV
FDUULHGRXWLQRUGHUWRFKHFNWKHSRWHQWLDOSUHVHQFHRIR[\JHQLQWKHQDQRSDUWLFOHV
7DEOH/DVHUVRXUFHVDQGWKHLUFRUUHVSRQGLQJSDUDPHWHUV




    
3LFRVHFRQG
ODVHU





VLPLODU LQ ERWK FDVHV  :FP DSUR[ VLQFH WKH VSRW VL]H DQG WKH DYHUDJH SRZHU  : ZHUH VLPLODU 7KH
DSSHDUDQFHV DV ZHOO DV WKH VL]HV RI WKH REWDLQHG QDQRSDUWLFOHV LQ SUHVHQW ZRUN DUH GLIIHUHQW IURP WKDW REWDLQHG LQ
SUHYLRXVZRUNE\WKHXVHRI&:DQGPLOOLVHFRQGODVHUVVHH%RXWLQJXL]DHWDOEVKRZLQJODUJHUVL]HVDQG
ORZDEODWLRQUDWHWKDQWKRVHREWDLQHGLQWKHSUHVHQWZRUN7KLVLVGXHWRWKHIRUPDWLRQPHFKDQLVPRIQDQRSDUWLFOHVDQG














IRUPDWLRQ RI D SOXPH /LX HW DO  'LIIHUHQW VSHFLHV VXFK DV DWRPV LRQV DQG GURSOHWV DUH FRQILQHG E\ WKH
VXUURXQGLQJOLTXLGWRQXFOHDWHDQGJURZE\FRDOHVFHQFHGXULQJWKHSODVPDFRROLQJ<DQJHWDOWRIRUPWKHILQDO
QDQRSDUWLFOHV ,Q RXU UHVXOWV WKH QDQRSDUWLFOHV VKRZD FOHDU WHQGHQF\ WR DJJORPHUDWLRQ IRUPLQJZHE OLNH FOXVWHUV LQ
VRPHFDVHV$FFRUGLQJWRWKHUHVXOWVRIZRUNVUHSRUWHGE\6DNNDHWDODQG<DQJHWDODEODWLRQVWDUWVD
IHZSLFRVHFRQGVDIWHU ODVHU LUUDGLDWLRQ,Q WKHFDVHRIQDQRVHFRQGSXOVHODVHUV WKHSODVPDH[SDQVLRQODVWVPRUH WLPH
WKDQ WKHGXUDWLRQRI WKHSXOVH OHDGLQJ WRRYHUODSSLQJEHWZHHQ WKHDEODWHGPDWHULDODQG WKHSXOVHV7KLVHIIHFWFRXOG
SDUWLDOO\H[SODLQWKHZLGHUDQJHRIQDQRSDUWLFOHVL]HVDVZHOODVWKHVWURQJWHQGHQF\WRFRDOHVFHQFHREVHUYHGLQSDUWLFOHV





KLVWRJUDPV KDYH EHHQ REWDLQHG E\ PHDVXULQJ WKH GLPHQVLRQV RI PRUH WKDQ  QDQRSDUWLFOHV IRU HDFK FDVH %\
PHDVXULQJWKHWDUJHWZHLJKWEHIRUHDQGDIWHUWKHWHVWVWRJHWKHUZLWKWKHSURFHVVLQJWLPHZHKDYHREWDLQHGDEODWLRQUDWHV








7KH SDUWLFOHPHDQ VL]H LV VLPLODU LQ ERWK FDVHV EHLQJ WKH SUHVHQFH RI WKH RFFDVLRQDO ODUJH SDUWLFOHVPRUH IUHTXHQW
ZKHQ WKH LQIUDUHG ZDYHOHQJWK ZDV XVHG 7KLV FRXOG EH H[SODLQHG E\ WKH UHODWLYHO\ ORZ SKRWRQ HQHUJ\ RI LQIUDUHG
ZDYHOHQJWK DQG WKH SODVPD IRUPDWLRQE\ LQYHUVH%UHPVVWUDKOXQJ HIIHFWZKLFK LV FRQVLGHUDEO\ IDYRUDEOH RI LQIUDUHG
ZDYHOHQJWKV WKDQIRU ORZHUZDYHOHQJWKV5XVVRHWDO7KLVFRQWULEXWHV WR LQFUHDVH WKH WHPSHUDWXUHRISODVPD
DQGIDYRULQJWKHIRUPDWLRQRIODUJHUQDQRSDUWLFOHVDVLVDOVRUHSRUWHGE\.LPHWDO7KHPRUSKRORJ\DQGWKH
VL]HV RI QDQRSDUWLFOHV DUH FUXFLDO DVSHFWV WKDW JRYHUQ WKHLU SURSHUWLHV DQG FRQVHTXHQWO\ WKHLU SHUIRUPDQFH LQ PDQ\
GLIIHUHQW DSSOLFDWLRQV $VVXPLQJ WKH VSKHULFDO VKDSH IRU WKH QDQRSDUWLFOHV DQG FRQVLGHULQJ WKHLU UHGXFHG PHDQ
GLDPHWHUV WKHREWDLQHG3GQDQRSDUWLFOHV LQ WKLVZRUNH[KLELWYHU\KLJKVSHFLILFVXUIDFHDUHDZKLFKLVFUXFLDODVSHFW

















WDEOHV  DQG  UHVSHFWLYHO\ DQG FRPSDUHGZLWK WKHLU FRUUHVSRQGLQJ RI 3G'HVSLWH WKHZHOO DJUHHPHQW EHWZHHQ WKH
PHDVXUHGLQWHUSODQDUGLVWDQFHVZLWKWKRVHRIFXELFPHWDOOLF3GDVZHOODVWKHVWDELOLW\DQGWKHORZUHDFWLYLW\RI3GWKH
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7DEOH/DWWLFHVSDFLQJPHDVXUHGIURP6$('SHUIRUPHGRQ3GQDQRSDUWLFOHVREWDLQHGLQZDWHUXVLQJQPODVHUFRPSDUHGWRWKRVHRIPHWDOOLF
3G
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SURGXFLQJ PRQRGLVSHUVH SDUWLFOH LQ WKLV SURFHVV ,W LV H[SHFWHG WKDW WKH XVH RUJDQLF VROYHQW ZRXOG HQDEOH WKH
IRUPDWLRQRIPHWDOOLFQDQRSDUWLFOHVDQGDYRLGR[LGDWLRQ,QGHHGLWKDVEHHQUHSRUWHGWKDWWKHXVHRIRUJDQLFVROYHQWV













SKDVHR[LGH LQ;5' VSHFWUD FRUUHVSRQGLQJ WR 3G QDQRSDUWLFOHV V\QWKHVLVHG LQ GHLRQL]HGZDWHU EXW R[LGHV RI 3G
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ZHUHGHWHFWHGLQWKHLU;36LQGLFDWLQJWKHSDUWLDOVXUIDFHR[LGDWLRQRI3GQDQRSDUWLFOHV
7KHRSWLFDOSURSHUWLHVRIWKHFROORLGDOVROXWLRQVREWDLQHGE\ERWKODVHUVDUHTXLWHVLPLODU)LJXUHVKRZV89YLV
VSHFWUXPRI FROORLGDO VROXWLRQREWDLQHGE\ WKH XVHRI WKH SXOVHG ODVHU RSHUDWLQJ DW QPZKLFKZDV VLPLODU WR




SDOODGLXP VSHFLHV UHSRUWHG E\'H %RQLV HW DO  1HYHUWKHOHVV LQ RXU FDVH WKH NLQG RI VKRXOGHU H[WHQGLQJ
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